The Wooley Creek batholith and Slinkard pluton are adjacent plutons with identical U-Pb zircon ages of 161 +4/-2 Ma. The plutons dip toward each other, which suggests that they are connected in the subsurface. Geologic and thermochemical evidence shows that the Slinkard pluton is the structurally lowest part of the system and the Wooley Creek batholith the structurally highest, with a total structural relief of at least 15 km. The wall rocks adjacent to the highest level of the Wooley Creek batholith are intruded by mafic to felsic dikes derived from the subjacent pluton. The Slinkard pluton is predominantly quartz diorite but grades from two-pyroxene diorite to sparse muscovite-biotite granite and shows little evidence of contamination except near contacts. The Wooley Creek batholith grades upward from two-pyroxene gabbro to biotite-hornblende granite and has a central zone in which injected mafic magma was trapped and mixed. Major and trace element data are consistent with closed-system fractionation of the Slinkard pluton and lower ( However, erosion has rarely exposed sufficient vertical relief in plutonic systems to allow such evaluation [e.g., Taylor, 1976; summary in Pitcher and Bussell, 1985] . The Wooley Creek batholith and Slinkard pluton are part of a vertically and laterally extensive tilted Jurassic calc-alkaline magma system. Both field and geochemical studies suggest that magma mixing played an important role in part of the system, but had little or no effect in other parts. The purpose of this paper is to present field, petrographic, and chronologic evidence for the Copyright 1986 by the American Geophysical Union.
Slinkard Pluton
The Slinkard pluton is the structurally lowest part of the system, is roughly sill-like, and dips away from the Condrey Mountain window. The pluton widens in the north part of the outcrop area, where the basal diorite is capped by granodioritic to granitic rocks (Figure 2) . The bulbous outcrop pattern in the southwestern part of the pluton is a reflection of topographic control of the outcrop pattern by deeply incised streams [Allen, 1981] .
Protoclastic foliation is typical of the southwestern part of the pluton. This foliation is subparallel to the upper (western) contact and dips toward the WCB (Figure 2 ). Mylonitic foliation is typical of the northern part of the lower contact, where the contact has been modified by minor thrusting (Figures 1 and 2) . Foliation in the interior of the pluton is weak or absent.
The pluton shows gradational compositional zonation from structurally lower diorite and quartz diorite to structurally higher tonalitc, granodiorite, and rare granite. truded metaserpentinite with regional metamorphic assemblage of olivine-orthopyroxene-chlorite-spinel. The metaserpentinite reacted with the magma to form a blocky olivine pyroxenite in which pyroxenite blocks are surrounded by a trondhjemitic matrix that locally coalesced to form thin dikes.
Xenoliths of blocky pyroxenite are locally abundant near the contact of the Slinkard, and are typically surrounded by trondhjemite. Amphibolitic xenoliths are also abundant near contacts; however, both xenoliths and microgranitoid enclaves (see below) are sparse in the interior of the pluton. 
Wooley Creek Batholith
The lower (northeastern) part of the WCB is cylindrical and dips approximately N30øE, toward the SP (Figure 2 [Barnes, 1983] ). The northeastern contact is characterized by NE dipping protoclastic foliation subparallel to the contact and by elongate xenoliths of the host amphibolite. The inward dipping foliations and the similarity in rock type between the northeastern Wooley Creek batholith and the southwestern Slinkard pluton suggest that the two plutons are connected in the subsurface. The WCB is gradationally zoned upward from two-pyroxene diorite and gabbro to biotite hornblende granodiorite and granite (Figure 2 [Barnes, 1983] ). The pluton also changes shape from the lower cylindrical body to an upper sill-like mass elongate to the south [Barnes, 1983] .
Structurally, intermediate levels of the Wooley Creek batholith are characterized by an abundance of mafic microgranitoid enclaves and mafic dikes and by the transition from lower pyroxene-bearing rocks to upper pyroxene-free rocks ( Figure  2 ; [Barnes, 1983] ). The enclaves range in size from < 1 cm in diameter to at least 10 m in longest dimension, and in shape from rounded, fusiform bodies, to bulbous equant blobs ("pillows"), to tabular slabs (Figure 3) . In rare instances, fusiform enclaves grade into schlieren. The enclaves are typically dispersed, but locally they form swarms of pillows or of fusiform and tabular enclaves. The fusiform and tabular enclaves are invariably aligned parallel to flow foliation in the host. Mafic microgranitoid enclaves are rare below the zone shown in Figure 2 ; however, we know of no enclave-free outcrop of the Wooley Creek batholith above the zone.
The lower parts of the enclave-rich zone also have abundant mafic dikes. These dikes range from < 3 cm wide to at least 30 m wide. They range in composition from basaltic to andesitic (rare) and are typically net veined. Some dikes have dark, Figures 5a and 5b also show the cross-cutting relationships between the roof-zone dikes and the pluton as exposed in stream canyons and road cuts. These relationships have allowed us to determine the sequence in which magmas were vented from the system, which in turn, permit us to infer the magmatic history of the WCB/SP (summarized in Table 1 ). The first three stages of intrusion are from basalt to two- 
RADIOMETRIC AGE DETERMINATIONS
Major phases of the WCB/SP system, including a dacitic roof-zone dike, were sampled for U-Pb zircon age determinations. The zircon age data along with information on analytical techniques and uncertainties are given in Table 2 . The field locations of the zircon samples are shown in Figure 2 , and details on sample setting, petrography, and zircon yield are given in Table 3. U-Pb ages cluster strongly around 161 + 2 Ma except for sample VI, in which ages of four fractions are dispersed over a 10 m.y. range and indicate a disturbance of the isotopic system. An apparent nondisturbed age of 162 + 2 Ma was derived for sample VI by mechanical abrasion techniques (see below). Within analytical uncertainty, :ø?Pb/:ø6Pb ages derived for the entire sample suite tend to agree with the strong cluster of U-Pb ages. Igneous age assignments derived from zircon isotopic data are often based on the concordance or equivalence of the U-Pb and Pb-Pb ages in a given analysis. Such concordance is arrived at statistically by the overlap of the analytical uncertainties of the constituent ages. On a 2ø6pB/238U --2ø7pB/238U concordia diagram [Wetherill, 1956] , such overlap is exhibited by the error polygon of a given analysis intersecting the concordia line. The overall concordance of ages in the WCB/SP sample suite and the concordance between multiple fractions in samples II, IV, and ¾ suggest very strongly that all phases of the system crystallized within a time span encompassed by the analytical uncertainty of the zircon ages.
The age and overall uncertainty for the WCB/SP system are expressed as 161 + 4/-2 Ma. The uncertainty based solely on the U-Pb ages is ___ 2 Ma. The +4 Ma uncertainty considers the total body of 2ø7pb/2ø6pb age data and the possibility that zircon ages from the entire sample suite have been slightly disturbed from an igneous age as old as 165 Ma.
A major problem in the interpretation of all mid-Paleozoic and younger zircon ages is the near linearity of lower concordia. Such linearity could allow the disturbance of the zircon isotopic system to be topologically expressed by downward migration of the error polygon without a resolvable divergence from the concordia line. A downward migration pattern essentially colinear with concordia is seen in sample ¾I, where 2ø6pb/238U ages for four analyses are dispersed be- Here, r.g. is radiogenic lead. *Magnetic properties are given as nonmagnetic split at side/front slopes for 1.7 A on Franz isodynamic separator. Samples hand picked to 99.9% purity prior to dissolution.
•'Grains mechanically abraded to smaller size class by techniques similar to Krogh [1982] . (Table 5 and Barnes [1983, Late-stage andesitic dikes fall into two petrographic types: two-pyroxene dikes identical to those described above, and pyroxene-hornblende andesite. The pyroxene-hornblende andesite has sparse phenocrysts of cpx, elongate brown to olive hornblende, and oscillatory-zoned plagioclase. These dikes commonly contain xenocrysts of quartz and/or biotite rimmed by olive hornblende. Groundmass textures range from intergranular to granophyric arrangements of plagioclase, alkali feldspar, quartz, hornblende, and biotite, with accessory apatite and opaque minerals.
Dacitic dikes of the roof zone range in texture from strongly porphyritic to coarse-grained hypidiomorphic granular. Phenocrysts are weakly zoned to unzoned magnesiohornblende, red-brown biotite, oscillatory normal-zoned plagioclase (An53&? cores; Figure 8) , and quartz. The groundmass consists of hornblende, biotite, plagioclase, alkali feldspar, and quartz, with accessory apatite, zircon, ilmenite, and rare allanite.
Micro•7ranitoid Enclaves and Dikes
Microgranitoid enclaves and mafic dikes within the Wooley Creek batholith range from porphyritic to equigranular with phenocrysts of hornblende and oscillatory-zoned plagioclase. Acicular apatite is a ubiquitous groundmass phase. Some finegrained enclaves contain 1-to 2-mm-diameter crystals of quartz that are enclosed by a groundmass that lacks quartz. These relations suggest that the coarse-grained quartz crystals and possibly some of the hornblende and plagioclase "phenocrysts" were originally present in the host and were entrained in the enclave when both the enclave ahd host were in a magmatic state. Such observations are in accord with field evidence for disruption of dikes to form enclave swarms (above). Further evidence that the enclaves crystallized from a magma includes the presence of oscillatory-zoned plagioclase and acicular apatite. Vernon [1983] showed that these features are igneous and do not support derivation of such enclaves from the source region of the host granitoid. Table 5 We conclude that the scatter in this compositional range cannot be adequately explained by crystal accumulation or by alteration. In general, the most mafic dikes have major element compositions similar to the mafic end-members of trend 1. (Figures 9 and 11 show that the most Mg-rich dike, cpx-rich gabbro, is probably a cumulate.) More evolved dike compositions are similar to trend 3 compositions, except for lower A120 3 and Na20 abundances. One andesitic sample (163C ,  Table 5 ) has much greater P205 and Zr abundances than similar roof-zone dikes. At present, we have no explanation for these anomalous abundances but note that the dike cuts granodiorite of the Wooley Creek batholith, unlike the majority of analyzed dikes, which are cut by the granodiorite. Barnes [1983] shows that we prefer the first interpretation.
As rise of fractionated magma continued, a dacitic cap formed over the zone of mixing. The low density of the cap probably acted as a barrier to newly injected higher density marie magma. The inability of the marie magma to rise into the dacitic cap precluded extensive steady state mixing of dacite with basalt and resulted in lower trace element abundances in the dacite relative to the underlying mixed andesite.
Slow cooling of the parts of the plutons not affected by mixing resulted in closed-system fractionation. The upper part of the system evolved toward biotite-hornblende granite (trend 3b) by crystal fractionation of the dacitic composition ( Figure  12 ). The lower part of the pluton fractionated to tonalite in the WCB and granodiorite/granite in the SP. (The muscovitebiotite granite of the SP is not peraluminous (Table 5) quartz and biotite xenocrysts in these dikes also indicates that the dike magmas rose through quartz-and biotite-bearing rock or magma.
In the early stages of the system, influx of mafic magma coupled with crystal fractionation apparently resulted in complete mixing to produce the trace element enriched andesitic magmas of the roof-zone dikes. As the system cooled, later mafic input was undercooled and disrupted by flow to form microgranitoid enclaves with oscillatory-zoned plagioclase and acicular apatite. Mixing was accomplished by mechanical disaggregation of the enclaves as opposed to hybridization of two miscible magmas. Such a process probably caused the minor enrichments of Rb, Ba, Zr, Cr, and Co in trend 3a rocks [Barnes, 1983] . This interpretation is consistent with the abundant mafic enclaves associated with trend 3a samples and with the presence of quartz, hornblende, and plagioclase xenocrysts in mafic enclaves. Magma injected still later formed dikes that were deformed by late flow (Figure 4 
